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PEEFORMANCE OF AN AXIAL-FLOW TlIRBoJEfc mGINE 
.. . 

By Robert E. Russey and Ferris L. Seashore 

An investigation was conducted in an altitude f a c i l i t y  at the WCA 
Lewis laboratory t o  determine the effects of mgnitude and circumferen- 
tial extent of inlet total-pressure  distortions on the over--  and can- 
ponent performance of a current  turbojet engine. The circumferential 
extent and maaitude of the flow distortians could be progressively var- 
ied between t w o  physical limits. It w a s  also possible t o  hold the mag- 
nitude of the f low distortion constant over a range of corrected  engine 
speed. Data were obtained at an  engine-inlet Reynolds nuuiber index of 
O. $4 (corresponding t o  an altitude of 35,000 f t  a t  a f l i gh t  ~ a c h  rider 
of 0.8). 

Although the turbine  'temperature prof i les  were d f e c t e d  slightly by 
the d i s to r t  ions, the performance of the canbustor and turbine remained 
essentially unchanged. Canpressor and, conseqmntly, w e r - u  engine 
performance were affected, however, as  ei ther the circlrmferential  extent 
or magnitude of distortion was ~creased, with the greatest losses 
occurring at reduced engine speed. A loss af about 2 percent in cmpres- 
sor efficiency and corrected. airflaw occurred at approximately rated 
speed w i t h  the most severe distortia configuration  investigated. This 
loss in compressor performance resulted Fn a 3.5-percent decrease in 
maximum net thrust  and a 1-percent  &crease in specif ic   fuel  consumption. 

INTRODUCTION 

Inlet airflow distortion, a nonuniform distribution of airflow and 
total   pressure a t  the engine inlet, can occur as a result of operation 
of air inlets at off-design mass-flow ratios,  flow separation w i t h i n  the 
in le t  a i r  ducting, or operation of the  a i rcraf t  at high angles of attack 
o r  yaw. Previous  investigations conducted at this laboratory (refs. 1 
t o  4) have shown that operation of an engine with nonuniform in l e t  pres- 
sure  distributions  present can result in severe perforrrrance penalties, 
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losses in aver-all engine performance usually are  the result of off- 
design  operation of the canpressor, which is the component  most suscep- 
t i b l e  t o  inlet distortions. Of'f-desi- operation of the compressor may 
also be responsible f o r  the occurrence of surge or rotating stall,  which 
can came  excessive compressor blade vibrations  or severe- turbine-inlet 
temperature profiles and result In structural  failure of the ccstg~ressor 
or turbine (ref. 5) . 

The effects of magnitude  and extent of circumferential W e t  pres- 
sure  distortions on the performance of a hi&-pressure-ratio, axial-flaw 
turbojet engine were investigated in  an altit* test f ac i l i t y  as a part 
of a  general program conducted a t  the NACA Lewis laboratory. The effkct 
on steady-state  perf orm&T1ce i s  .reported -in, apd-the effect. m the - 

surge characteristics and persistence of distortion Fn the  canpressor 
i s  presented in  reference 6 .  Previous investigations of the  inlet  dis -  
tort ion problem  were conducted using fixed  inlet  screens t o  obtain a 
low-pressure area  at-the ccarrpressor inlet;  md, since  the  pressure loss 
through a screen is a  function of airflow  (corrected  engine  speed),  the 
anrplitude (magnitude) of the  distortian could nokbe maintained constant 
Over a range of engine speeds. . .  . . . .  ... 

For that portion of the  investigatim  reported  herein, an m e t  dis- 
to r t ion   r ig  was used which (1) provided constant magnitude of to ta l -  
pressure  distortion  mer a range of engine speeds, (2 )  permitted  varia- 
tion of circumferential  extent of distortion, and (3) permitted  rotation 
of circumferential  exten6 of distortion  past  transient-instrumentation 
i n  order t o  obtain a detailed  picture of the  persistence of the distor- 
t ion throughout the engine. 

l h  
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The effects cf d i s t m t i m  magnitude are defined f o r  a 70° sector 
of the  inlet  a.nnulus,  and the  effects of circumferential  extent o f d i s -  
t o r t  ion are  defined  for a magnitude A?/P of 15 percent. Data  were 
obtained at an engineLidet Reynolds nmber-   indF of 0.44 (corresponding 
t o  an alt i tude of 35,000 ft a t  a  f l ight Mach nmiber of 0.3) and are pre- 
sented  primarily f o r  rated exhaust-nozzle area over a range of corrected 
engine  speeds. . .  . . .  

. .  . .  . .  ." 

APPARATUS 

Engine and Installation . . .  . .  

The hfgh-pressure-ratio  turbojet engine used has a 15-stage axial- 
flaw compressor, a  cannular-type ccanbustor with eight tubular l iners,  
and a two-stage turbine. The c-pressor has progressively  variable in- 
l e t  guide vanes and a  two-position acceleration  bleed  valve  lo6ated at . - 

the eeventh stage. Data presented herein were obtabed .with the  high- 
speed compressor configuration  (inlet guide vanes open and acceleration 
bleed  valve  closed). 

-. 

.c 
" 
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The engine was equipped with a G%-inCh-lang ta i lpipe and a 
variable-mea exhaust nozzle  (clamshell type). A t  an engine speed of 
7800 rpm with  rated exhaust-nozzle area, the turbine-outlet temperature 
was 1220° F (1680O R ) .  The engfne was installed i n  an al t i tude test 
fac i l i ty   ( f ig .  1) , where inlet pressure and temperature and ambient ex- 
haust pressure could be regulated t o  shula.te al t i tude flight conditions. 

5 

Inlet Dietortickl Rig 

A photograph of the inlet dis tor t ion  r ig   instal led on the engine is 
presented in figure 1, and a cutaway sketch of the distortion r i g  is 
presented in figure 2.  The ma@;nitude of the inlet total-pressure  distor- 
tions  obtainable  with this r i g  was independent af corrected  engine speed 
(corrected  airflow).  Distortions are usually simulated by obtaining a 
pressure loss through a screen that is located upstream of the compressor 
in le t .  The pressure loss obtained .is a function of engine airflow and 
therefore does not remain constant for a  range of engine .speed. The 
subJect  distortion  rig, however, incorporated an air bleed system down- 
stream of the screen, which made it possible t o  maintain c m t a n t  pres- 
sure Loss through that portion of the inlet screen that was located up- 
stream of the distorted  sector. 

The circumferential  extent of the distorted  sectian could be set t o  
any desired angular sector, frm a mFnfmum of 8O to a maximum of 168O, 
by means of the movable s p l i t t e r   m e .  Max- distortion magni%ude w&8 
l imited  to 15 and 27 percent with sector  angles of 168O and 70°, respec- 
tively, because of a 1Mt b the capacity of the  air   bleed system. The 
sector  containlng the d i s to r t im  could also be rotated about the face of 
the compressor. 

Steady-state  transient  instrumentation used durlng  the  portion of 
the  investigation  reported  herein was installed at various staticms 
.throughout the engine, as shown in f igwe 3. Engine fuel flow was meas- 
ured with calibrated rotameters, and engine  speed was measured with a 
remote-reading electronic tachometer. Engine thrust  w-as calculated frm 
pumping characteristics. 

Data were obtained at a Reynolds nmiber adex  of 0.44 (wbich cor- 
responds t o  an altitude of 35,000 f t  a t  a f l i gh t  Mach number of 0.8) over 
a rmge of corrected  engine speed. Free-stream inlet total   pressure 
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p1,u corresponding to c w l e t e  ram recovery at the above f l igh t  condi- 
t ion was set in the  undis tor td   sector   a t   the  .engine h l e t  (domstr- 
Of the screen), m d  the  pressure Pl , r  required to give the desired a s -  
tortion magnitude (~1,u - Pl,D)/Pl,U was se t  in the as tor tea   sec tor .  
The pressure was set by regulating the flaw of bleed-off a i r   f r m  
the distorted  sector. . .  

" 

.. . . 

Data fo r  cmparisan  wlth the uniform inlet  flaw performance were ob- 
tained wit& the  distort'ion  configuratians. shown in the  following  table: 

D i s t o r t i c r n ,  
168 70 40 . 20 '1,U - '1,D Sector angle, deg 

. .  .. 

P , 
1, u 

percent 

15 

X 22 

x x x x  

X 27 
" .  .. 

The fixed exhaust-nozzle area actually  varied during the Fnvestfga- 
tion because of changing air lc&s on the clam~lhell nozzle. The varia- 
tion in effective exhaust-nozzle area is Shown in figure 4 as a function 
of corrected engine  speed. Ir additim, the e f f ec t ive   hus t -nozz le  
area  deviated fram that indicated in figure 4 'ny as much as k1.5 percent. 
This deviatim was essentially  canstant  for a g%Gn distortion configura- 
tion and was considered smsll enough t o  lwt the effect- on compment 
performance to experjmental error. Therefore, camponent performance is 
compared on the  basis of f h e d  exhaust-nozzle 8x88, Over-all engine per- 
f ormance,  however, could not  be caanpared -in t h e  same manner.  Conse- 
quently,  engine pumping characberistics for each  configuration w e r e  cal- 
culated frm the performance of the engine caqonents a t  equal values of 
engine t otal-temperature  ratio. .- .. 

For thst portion of the investigation  reported herein, total-  a& 
static-pressure  profiles  at  the  cmpressoi"in1et guide vanes were ob- 
tained by slow- rotating the '&istorte&  sector p s t  fixed  instnnnenta- 
t im and recording the transient  variation in these  pressures. With the 
above exceptian, a l l  bta presented  herein were obtained with the dis- 
tortion  configuratims  centered on an inlet-circumferential  location of 
45O . (measmed clockwise from .top of engine, looking downstream) 8 

. .  

.. . . 

. 
1 

An area-weighted average value of compressor-inlet t o t a l  pressure 
P1, av was used i n _ .  the calculation of the eng3ne performance parameters 

" 
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presented  herein. The symbols used in this  r e p 0 3  are defined in appen- 
dix A, and the methods  of calculation &re presented fn appenaix B. 

Pressure and Tempemture Profiles 

Typical  circumferential, midspan pressure ana temperature profiles 
which existed at the inlet-guide-vane,  canpressor-outlet, and turbine- 
outlet  stations me presented far the various Ustortian  configurations 
West igated . 

TCatal-pressure profiles at the inlet-guide-vase s ta t ion are pre- 
sented in figure 5 for sane of the  dis tor t tan  cdigurat ims  invest igated.  
TIE variation in t o t a  pressure  for inlet pressure  astortions ~ P / P  of 
15 and 22 percent with a sector mgle of 700 is shown in figure 5(a), 
dxl.le figure 5(5) shows the  pressure  variation l o r  sec€or angles of 70° 
and 168O with a &P/P of 15 percent. The r a t io  of local pressure with 
distortion t o  average  pressure w i t h  un l fom flow P1 u is used as the 
ordinate in order t o  form a basis f o r  cangarison of the different dis- 
tortion  configurations. A portion of the 168O sector  profile is shown 
by dashes because the limit of rotatian of the apparatus was  reached 
before the prof i le  could be fully defined. Rotation of the distorted 
sector  past the fixed instrumentation resulted in a small change in in- 
l e t  conditions because of a change in position of the seals which sepa- 
rated the high- and Law-pressure sectors. Consequently, the pressure on 
the left side of the distortion w a s  usually slightly higher than that on 
the  right side. The value of &/P actually  obtained also varied some- 

’ w h a t  from the nmina.1 value of AP/P because of this ro t a t im .  The dif- 
f icu l ty  in majntaining inlet conditions was not  encountered when the dis- 
torted sector was stationary. 

w 

d -  

Static-pressure  profiles, wbich were measured at a s ta t ion 4 inches 
-stream of the inlet guide vases, are presented f o r  inlet pressure dis- 
tortions of 15 and 22 percent ~ t h  a sector angle of 70° ( f ig .  6(a))  and 
for  sector  angles of 70° and 168O f o r  a &/P of 15 percent ( f ig .  6(b) ) . 
Inlet  velocity  distortions , based on steady-state inlet t o t a l  and s t a t i c  
pressures,  increased as corrected  engine speed was reduced. An increase 
in velocity  distortion of about 5 percent  occurred as corrected engine 
speed was reduced frm 7800 t o  6600 rpm. 

The cqressor-out le t   to ta l -pressure  prof i les  of figure 7 indicate 
that the circumferential  pressure gradLent a t  this station w a s  only 
slightly  affected by the most severe  distortion  configurations investi- 
gated. A 1-percent  variation in the circumferential  pressure  distribu- 
tion occurred w i t h  the 168O sector  configuration, while the pressure 
gradients  obtained with the other  distortion  cmfigurations were less 



6 NACA RM E57L31 

than 1 percent. The ra t io  of the local t o  the average value of pressure 
with distortion is used in the numerator of the ordinate in order t o  
establish a cc~nmon basis f o r  conprism,  and the  local-to-average r a t io  
for  uniform flow is used in the denmknator in order t o  elfminate slight 
deviations in the  undistorted  profile. 

The total-temperature  profiles  presented in figure 8(a>  indicate 
that  a temperature  gradient  existed at the ccanpressor outlet. 'phe tern- 
peratme  profile became  more severe as both-mgnitu.de and circumferential 
extent of distortion  increased. The temperature  gradient  indicates  that % 
a greater amount of work is done by the ccpqpressor within the distorted r 
sect  or. 

The apparent peak in campressor-outlet t o t a l  temperature is located 
at 165O, while the distortion was centered ak a  comgressor-inlet  loca- 
t ion of 45O. lkis indicates a displacement of the  distortions in the . 

direction of comgresaor rotation as they  passed  through the ccrmpressor. 
This angularr disp lac"b  correeponds t o  an approximate mean flow path 
which was calculated  for  the ccarrpressor. 

Typical  turbine-outlet  total-temperature  profiles are presented Fzl 
figure 8(b). The temperature gradients at this   s ta t ion appear similar 
t o  those wbich existed  at the compressor outlet, but ar-+more severe. 

Ccmpanent Performance 

The ef'fects of both ma&pitude of distortion aP/P and c i r c e e r -  
entia1 extent of distortion  (sector  angle) an ccgqponent performance are 
canpared separately with the uniform in le t  flow performance. It should 
be noted that the 70° sector  angle,  15-percent  distortion  condition is 
connmoll t o  both camparisons. 

Compressor. - Corrected inlet airflow w fld81,avr  which was tal- a, 1 
culabed by assum3ng the  existence of choked flow a t   t h e   t u r b h e   W e t ,  
is presented in figures 9(a) and (b)  as a functfon of corrected engine 
speed N/*. The effect of the magnitude of distortion LQ/P is a h m  
in figure g ( a ) .  h AP/P Fncreased, the reductian in corrected airflow 
became progressively  larger so that, fo r  the maximum AF/P investigated 
(27 percent 1 , corrected airflow was reduced 2 percent a t  a c o m c t e b  en- 
gine  speed of 7800 rpm (fig.  9(a)). Operation at 6600 r p m  with the s- 
distortion magnitude resulted in as 8.6-percent decrease in  corrected 
aixClow. A similar reduction in corrected awlow occurred as the cir-  
cumferential extent .of distortion  (sector =@e) was increased (fig. 
9(b) 1. For the  largest  sector angle  investigated (168'), an airflow 
reduction of 1.7 percent  occurred at a corrected engfne speed of 7800 
rpm, and a reductian of 6.2 percent  occurred a t  6600 rpm. 
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CcPnpressor aver-all pressure  ratio Pz/pr,av is presented in f ig-  
ures 9 (c) and (a) as a function of corrected engine  speed.  Lncreasing 
distortion magnitude caused a decrease in mer-all pressure ratio (fig.  
9(c)).  Operatian  with the 27-percent d i s t a t i o n  at a corrected engIne 
speed of 7800 rpm resulted in  a 3.2-percent drop in pressure  ratio. A 
pressure r a t io  loss of 10 percent  occurred at 6600 rpm with the same dis- 
tor t im magaitude. Lncreasing the  circm&erential  extent of distortion 
also  resulted in a reduction of over-all  pressure m t i o  (fig.  S(d)) . 
Operation with the 168O sector angle resulted in a pressure  ratio drop 
of about l p e r c e n t  at a corrected engine speed of  7800 rpm, while a loss 
of 5.2 percent  occurred  with the same configuration at 6600 rpm. 

Congressor efficiency (based P1,aV) is shown 88 a function of 
corrected engine  speed figure g(e>.  Increasing distortion megnitude 
caused ccarrpressor efficiency t o  drop. A loss of about 2 percent in  
efficiency occurred at 7800 rpm wfth the 27-percent distortion, and an 
efficiency drop of 5.5 percent  occurred at 6600 rpm. A similar reduc- 
tion in efficiency occurred as the  circumferential extent of distortian 
was increased,  with maximum losses of 2.5 and 4.8 percent  occurring at  
carrected speeds of 7800  and 6600 rpm, respectively. 

The losses in canpressor performance increased as corrected engine 
speed was reduced  because the loading of the inlet stages of the c q r e s -  
sor  was increased  by flaw distortion. A t  low corrected speeds, where the 
lcedlng of the inlet stages is normally high, the performance of these 
stages is affected by an increase in loading due t o  f low distortion. At 
high  corrected  speeds, hawever, the lOaaing of the M e t  stages is rela- 
t ively low and theref ore is less sensi-i;ive to increases Fn loading. Al- 
though the load- of the rear stages of the campressor is normally  high 
at high  corrected speed, the  increase in loading due t o  flaw distortion 
is small because the flaw distortions *ish considerably In m&gitude 
in passFng through the canpressor. 

Conbustor. - C&ustion efficiency is presented in figure 10 as a 
function of a cmbustim parameter wa,2T6. Although the parameter PT/V 
is cammonly used to generalize  canbustian  efficiency, PT/V is approxi- 
mately proportional to the parameter w ~ , ~ T ~ ,  whLch is easier  to  obtain 
(ref. 7).  The apparent slight shift Fn casibustim  efficiency  could  be 
due to a nonunif omi ty  in the   c i rcmferent ia l  fuel-sir r a t i o  dfstribution. 
Hawever,  i f  the limits of accuracy of %hese data are considered, it is 
believed  that  the slight shift  in  efficiency is not meaningful. 

Turbine. - Turbine efficiency is presented in figure ll 86 a func- 
t ion of corrected  engine  speed. W i t h i n  the accuracy of these data, tur- 
bine efficiency was insensit ive  to changes In magnitude and circumfer- 
ential extent of distortion. For all the  canfigurations  investigated, 
turbine efficiency was about 91 percent at a corrected  engine  speed of 
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7800 rpm. Decreasing  engine speed t o  6600 rpm resulted in a 1-percent 
drop i n  efficiency. 

Engine Pumping Characteristics 

As previously mentioned in the  section PROCEDURE, engine p m p b g  
characteristics for eacb configuratim.were  calculated from the ccarpa- 
neat performance at equal values of enghe t o t d - t w e r a t u r e   r a t i o .  %e 
values of engine teqera ture  r a t i o  used in  the calculation  are  presented 
in figure - 12 as a function of corrected  engine speed. This c m  
obtained with. unirm in le t  flow. . .  . . 

The engine pumping characteristics are presented Fn figure 13. A 
reduction in engine pressure r a t io  occurred as either  circumferential 
extent or magnitude of distortion was increased a t  canst;ant engine tem- 
perature  ratio. The drop in pressure r a t io  that occurred wFth 8 given 
distortion  configuration  increased  as en- temgeratu& ra t io  decreased. 
The occuxrence of greater losses in pressure r a t io  at the lower engine 
temperature ra t ios   ref lects  the correspondingly l a r g e r   c q r e s s o r  per- 
formance losses  at  reduced engine speeds. 

Net Thrust and N e t - m t  Specific Fuel Cansumptian 

Maximum net  thrust ,   ~ich. .was  calculated frm engine pumping char- 
acter is t ics ,  was obtained at a .corrected engine  speed of 7800 rpm wlth 
rated edmust-nozzle  area. That portion of the net-thrust loss due t o  
the  reduction of average inlet t o t a l  press-. by f l&.dis tor t ian was'"&- 

cluded by using maxinnrm b l e t  t o t a l  pressure in the caiculation Orf max- 
imum net  thrust. Consequently, the loss in net  thrust and the increase 
in net-thrust  specific fuel c a s u q t i o n   r e f l e c t  only the changes in cam- 
pressor performance that w-ere caused by the inlet- flm"d5lstortions. 

The effect of distortian magnitude cg maxirrmm net . thrust and net- 
thrust specific fuel consungptian is presented in figure 14(a). A 3.5- 
percent lose in maximum net  thrust and a 1-percent  increase in  net- 
thrust specific flzel cclnswlrption occurred with. a..distortian mafgitude 
of 27 percent. The effect of circumferential  extent af distortion on 
maximum net thrust and net-thrust specific  fuel cmsmrption i s  shown in 
figure 14(b 1 . Operation with the 168O se-ctor angle resulted in a 2.5- 
percent  decrease in maximum net  thrust and 813. increase in net-thrust 
specific  f'uel cansumption of approximately 0.5 percent. 

An investigation was conducted t o  determine the effects of magni- 
tude asd circumferential extent of inlet total-pressure distortion on 



W A  RM E57L31 9 

the over-all asd.ccanponent performance of a current  turbojet  engine. The 
circmferentfal   extent and magnitude of the distortion  configurations 
could be held  canstant over a range of corrected  engine  speeds. Data 
were obtained at a Reynolds nmiber index of 0.44 (corresponding to an 
al t i tude of 35,ooO f t  a t  a flight %ch nzmiber of 0.8). 

Although these dis tor t ims  pers is ted thrcugh  the canpressor, the 
magnitude of the total-pressure gradient a t  the ccqressor   out le t  was 
greatly diminished. The severity of the total-tqerature gradient that 
existed at the ccmpressor aut le t  Increased slightly a t  the turbine aut- 
let, which Fndicates a s m a l l  effect  rn the fuel-aLr ratio  distribution. 
The severity of the teqemture  gradients  increased as the magnitude or 
circumferential extent of the flow distortion increased. The locatian 
of the peak in the carpressor-outlet  total-temperature gradient indicated 
that  a rotational  translation of the flow distortians  occurred as they 
passed through the conpressor. This translation corresponded t o  an ap- 
praxima;te mean flow path w h i c h  was calculated for the conq?ressor. - 

The performance of the c-ustor and turbine w&s essentially UZI- 
changed by the flaw distortions imrestigated, but the ccqressor  per- 
formance was reduced as the distortions were increased in severity. The 
reduction i n  cmpressor performance w a s  reflected i n  a decrease i n  over- 

a c e  was greatest   for operaticm at reduced engine speed. A t  rated  cor- 
rected engine speed, a 2-percent decrease in  ccrmpressor efficiency and 
corrected airflow occurred for operation with the most severe  distor- 
t i on   conf ipa t ion .  A maximum net-thrust loss of 3.5 percent and a 1- 
percent  increase in net-thrust  specific fuel consumption resulted f r o m  
operation with the same configuraticcn. 

.a 
* I  
H 
u a l l  engine performance. The effect  of inlet flow Ustort ion on perform- 

kwis Flight Fropdsion Laboratory 
National Advisory Ccamnittee for Aeronautics 

Cleveland, Ohio, January 3, 1958 
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APFmmIX A 

SYMBOLS 

area,  sq ft 

net tbrut, l b  

acceleration due t o  gravity,  ft/secz 

enthalpy, Btu/lb 

engine speed, rpm 

t o t a l  pressure,  lb/sq f t  

s t a t i c  pressure,  lb/sq f t-  

total temperature, OR 

velocity,  ft/sec 

airflow, Ib / ec  

Are1 flow, lb/sec 

gas flow, lb/sec L 

function of y , - 1.4 
Y 

r a t io  of specific  heats 

. 

r a t io  of absolute t o t a l  pressure t o  absolute  static  pressure of 
ICAO standard atmosphere at-sea level  

efficiency 

r a t io  of absolute total temperature t o  absolute s t a t i c  temper- 
ature of ICAO standard atmosphere at sea &vel 

squared r a t i o  of c r i t i ca l   ve loc i ty   to   c r i t i ca l   ve loc i ty  at ICAO 
standard sea-level  corditions , (Vcr/1018)2 
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Subscripts : 

av 

B 

C 

c r  

d D 

ef f 

J 

T 

2 

3 

4 

6 

10 

average 

ccttnbustor 

c q r e s s a r  

c r i t i c a l  

distorted 

effective 

vena contracta a t  exhaust-nozzle outlet 

turbine 

unais t orted 

f r ee  stream 

ccnnpressor inlet 

c q r e s s o r   o u t l e t  

turbine  inlet  

turblne outlet 

&ut-nozzle inlet 

exhaust-nozzle outlet 
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Averaging of Total Pressures and Temperatures 

The average c q r e s s o r - i n l e t  total pressure-was .determined by area- 
averaging the t o t a l  pressures which were measured in the  distorted and 
undistorted  sectors of the  canpressor  inlet  according t o  the following 
equation: 

"1,U  *1,U +- '1,D *l,D 

%,U l , D  
%,av - - + A  

All other  pressures and temperatures were determined by arithmethic 
averages. 

Compressor and Turbine Efficiencies 

The efficiencies were evaluated using the cmventional adiabatic 
equations. Average values of pressme and tmperature, as previously 
defined, were used i n  evaluating  efficiency. 

Combustion Efficiency 

Engine-cabustion  efficiency is defined as the   ra t io  of the  ideal 
engbe fuel flow t o  the actual  fuel flow. The ideal flow is defined as 
the  fuel flaw required t o  satisfy a heat balance across the engine by 
using masured temgeratures, airflow, and an ideal combustion process. 
Fuel flows associated with  an ideal canibustion process were obtained 
from reference 8. 

Turbine-Inlet Temperature 

Turbine-inlet temperature w a s  calculated by meazls of a heat balance 
across  the  cabustor by-using the measured canbustor-inlet  temgerature 
and the ideal fuel  flow as obtained from reference 8. 

Engine Total-Pressure  Ratio 

The engine total-pressure  rat  io for each  configuration was calcu- 
lated for a range of corrected engine  speeds  by using the corrected 

. 
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inlet sirf low and component performance as presented in figures 9 t o  IL. 
l?he engine total-temperature r a t i o  at a given corrected  engine speed f o r  
each diskortian  configmatian was  assumed t o  equsl the tqerature r a t i o  
that was obtained  with uniform inlet flow (fig.  1 2 ) .  

The assumption of an al t i tude and a flight ~ a c h  number (35,000 ft 
and 0.8, respectively) specified values of P1, Tl, po, and Je';. 
Corrected inlet airflow fo r  a given configuratian was then determined 
frcpn figures  9(a> and (b) and the desired value of corrected engine 
speed. C q r e s s o r - W e t  airflow, based on the assumption of 100-percent 
r a m  pressure  recovery, was then  calculated  according to the following 
equatian: 

w = 0.986 w 
a, 3 a, 2 

The constants in the &we equatian account for the campressor seal 
leakage and turbine coollng airflows. 

The turbine-inlet total temperature was calculated as previously 
&lined,  using the combustor-inlet total temgerature  obtained from 
figure 15. Turbine-inlet t o t a l  pressure was  calculated by ass- 
choked flaw at  the turbine Met: 

p3 = wg, 3 4" %,3 p 3 48.20 

Turbine-outlet total pressure was then  calculated fran the turbine effi- 
ciency and turbine work. 

Net Thrust 

The calculation of net  thrust  was based on engine pumping charac- 
t e r i s t i c s .  The thrust equation used is: 



14 NACA RM E57L31 

The parameter enclosed in brackets is most easily solved by means of the 
effective  velocity parameter of reference 9 together w$th wg,6, T6, r6, 
=a p d % .  

specific Fuel Cmsumptim 

The net-thrust  specific fuel consumption sfc  was calculated frm 
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Figure 2. - Inlet dlatortioa rlg. 
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STEADY-STATE INSTRuMEmTATSON 
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Figure 3. - Wansient and steady-state instrumentation of tu rba je t  engine. 
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Figure 4. - Variation of effective exhaust-nozzle area for all 
configurations. 

I 



I I 

. . .  . . . 

S 9 V  
4 

. . . . . . . . . . . 



. . . . . . . . ...  .. . . . . . . . . . .. . . . 

4634 
. .  . . . .  

8 

Circumferentlal location, deg 

(b) I n l e t  preeeure dis tor t ion ,  15 percent. 

Figure 5. - Concluded. Total-pressure prof i les  a t  i n l e t  guide vanes (miaspan). Corrected engine 
speed, 7800 rpm. N 
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Figure 6. - Static-pressure prcdilee taken 4 inches upatream of inlet gaide vanes (midspan). 
Corrected e n m e  speed, 7800 rp. P 
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Cirderent ia l .   locat ion,  

(b) W e t  pressure distortion, 15 percent 

Figure 6 .  - Concluded. Static-pressure profiles taken 4 inches upstream of inlet guide vanes 
(miidspan). Corrected englne speed, 7800 rpm. 
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Figure 7. - Tow-pressure 

CFrcumferent;ial locatlon, deg 

(b) Inlet pressure distortion, 15 percen . F 
prdi l ea  at c ~ r e s s o r  outlet  (midpeeage). Corrected engine speed, 7800 rpm. 
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Corrected engine  speed, IT/*, rpm 

fa) Corrected inlet airflow. Sector angle, 70°. 

Figure 9 .  - Effect  of inlet pressure distortion and sector angle on con~preseor 
performance. 
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5800 6200 6600 7000 7400 7800 8200 
Corrected  engine  speed, N/&, rpm 

(b) Corrected inlet a irf low.   In let  peasure distortion, 15 percent. 

Figure 9 .  - Continued. Effect of inlet pressure distort ion and sector angLe on 
compressor perfor_mance. 
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(c) Pressure ratio. Sector angle, 

Figure 9. - Continued. Effect of in l e t  pressure distortion 
performance. 

70°. 

and sector angle an compressor 8 
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(a) Pressure ratio.  m e t  pressure as tor t ion ,  E percent. 

Figure 9 .  - Continued. meet of inlet preesure dietortion and sector angle on compreeeor 
performance. 
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Figure 10. - EPfect of inlet pressure distortion and sector a- on canbustion efficiency. 
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Figure 12. - Engine total-temperature ratio as function of corrected engine speed. - 



U C A  RM E!5'7L31 35 

(a) Sector  angle, TOO. 

Figure 13. - Effect of inlet  pressure  distortion and sector angle on engine ming 
characteristics. 
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2.0 2.2 2.4  2.6 2.8 3.0 3.2 3.4 
Engine -totd-temperature ratio, T ~ / T ~  

(b) In le t  pressure  distortion, 15 percent-. 

Figure l3. - Concluded. EPfect of inlet  pressure  distortion and sector angle on engine 
pumping characteristics.  
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I n k t  total-pasure distortion, AP/P, percent 

(a) m e t  prcseure aistort lon.  

! and net-that speclfic fuel consuqption. Altitude, 35,ooO feetl  flight W c h  number, 
Figure 14. - Effect of inlet pressure aistortion and sector angle on maxh net  thrust 

0.8; rated corrected  engine a g e d  a d  exhaust-nozzle area. Y 
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(b) Sector angle. 

Figure 14. - Concluded. FSfect of Inlet  pressure  distortion 
and  sector  angle on maximum net  thrust  and  net-thrust specif ic  
f u e l  consumption.  Altitude, 35,000 feet; flight Mach number, 
0.8; rated corrected  engine  speed  and  exhaust-nozzle  area. 
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